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This invention relates generally to electron
optics and more particularly to an improved
method of and means for microanalyzing mate-~
rials by electron irradiation.

Briefly, two embodiments of the invention con-
template the generation of an electron probe,
having ‘extremely minute cross-sectional area,
which is focused upon a minute area of the
electron permeable material _to be  analyzed.
Electrons which are transmitted, or modified, or
refiected from the material by the impinging
electrons, are subjected to an electrical or mag-
netic deflecting field which deflects the electrons
as a funciion of their velocities. 'The deflected
electrons impinge upon a fluorescent screen for
visual observation of the electron velocity  dis-
tribution pattern, or impinge upon a photographic
plate for providing a permanent record of the
pattern. Means are included for observing upon
an auxiliary fluorescent screen the portion of the
specimen upon which. the electron probe im-
binges. Means also are provided for adjusting
the position of the material under observation
with respect to the axis of the electron probe,

The operation of the electronic microanalyzer
is based on the fact that when electrons pass
through matter some of the energy of the elec-
troms is transforimed into X-ray radiation energy.
Since this transformation of energy must take
place according to the rules of quantum theory,
it can easily be seen that for an electron to
excite a photon of the characteristic X-ray radi-
ation of an element it must loge energy. in: an
amount equal to or greater than that contained
in the X-ray photon. Thus among the electrons
leaving a specimen containing a certain ‘element
there will be a predominance of those electrons
which have lcst an amount of energy equal to
or slightly greater than the energy contained - in
a single photon of the characteristic X-ray radi-
ation of that element. The velocity spectrum
of the electrons leaving a point of the specimen
will have “lines” corresponding to the important
X-ray lines of all the elements contained in the
area of the specimen being examined. Electron
microanalysis offers several advantages over or-
dinary methods of microanalysis. Submicro-

scopic regions of a specimen can be analyzed

without removing the region from the specimen,
or without changing it in any way. By means
of the electron microsceps associsted with the
analyzer, the ares of the specimen analyzed can
be observed before and after analysis, so that
the relationship of the region examined to ‘the
“remainder of the specimen can be determined.
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The apparatus required for electronically ana-
lyzing materials is similar in many respects to
the conventional electron microscope: The prin-
cipal difference resides in the fact that electrons
which penetrate the substance under -observation
are subjected to deflecting electric or magnetic
flelds whereby they are deflected amounts pro-
bertional to their velocities before impingement
upon the observation screen. - In accordance with
the teachings of the. instant invention, a rela-
tively simple attachment may be provided for
conventional electron microscopes to permit mi-
croanalysis by electronic methods.

Another embodiment of the invention may be
employed to analyze electronically the character-
istics of substances substantially opaque to elec~
tron irradiation. According to this embodiment
of the invention, a minute area of the . electron
opaque substance is irradiated by the electron
probe; and the reflected electron beam' derived
from the irradiated area is subjected to the de-
flecting -field and velocity analyzed as described
heretofore, .

Another- modification of the invention con-
templates discarding the principal or direct por-
tions of the electrons transmitted or reflected
by the specimen, and applying “only - electrons
derived: from the specimen' ai some predeter-
mined angular relation thereto to the effects of
the uniform field for velocity analysis thereof,

Among the objects of the invention are to
provide an improved method of and means for
microanalyzing materials permeable. to electron
irradiation. - Another ‘cbject of the invention is
to provide an improved method of and means
for elecironicaliy analyzing minute specimens of
materials. A further object of the invention is
to provide an improved method of and means for
electronically analyzing materials by subjecting
a minute area of the material to electron irradi-
ation, subjecting electrons:derived from said ir-
radiated area to the effects of 3, deflecting field,
and indicating the relative velocities of the elec-
trons. subjected to said field.  Another chiect is
to provide imaproved means for securing a per-
manent record of-the relative velocities of said
electrons subjected to said deflecting field. A
still further object includes an improved method
of and means for subjecting a minute area of a
substance to electron irradiation, subjecting elec-
trons transmitied by said substance to a uniform
ragnetic field, and indicating the relative veloci-
tles of electrons subjected to said magnetic: field.

Purther objects of the invention include an.
improved method. of and means for‘electronically
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microanalyzing materials substantially opaque to

electron irradiation by irradiating a minute area

of said material, selecting at least a portion of

. the electrons reflected from said material, sub-
. jecting said selected electrons t0.a deflecting field,
and indicating the relative velocities of said elec-
trons subjected to said field.

The invention will be further described by ref-
erence to the accompanying drawing of which
Figure 1 is a schematic diagram of one embodi-
ment thereof, Figure 2 is a schematic diagram
of a second embodiment thereof, Figure 3 is &
cross-sectional elevational view of a preferred
embodiment of the invention according to the
schematic diagram of Figure 1, and Figure 4 is
s schematic diagram of a third embodiment of
the invention. Similar reference characters.are
applied to similar elements throughout the draw-
ing. - :

Referring to Figure 1, an electron source f,
which may be provided by a conventional ther-
‘mionic eathode which is maintained at a rela-
tively high negative potential with respect to an
apertured anode electrode, neither of which are
shown herein, is imaged by a pair of electron
lenses 2, 2 respectively, to irradiate an extremely
minute. area of an electron permeable object &.
The electron lenses 2,3, respectively, may be of
either the electromagnetic or electrostatic types
‘customarily employed. in electron optical appa-
ratus such as, for example, electron microscopes.
If electromagnetic lenses are employed, as shown
in the drawing, the focus of said lenses may be
adjusted by means of series resistors 5, 8 con-
nected between one terminal of each of the mag-

_netic lenses and an energizing current source
such as, for example, a battery 6.

A third electron lens 8, which may be ener-
gized through a third variable resistor 9 from
the battery.8, is disposed coaxially with the first
and second electron lenses 2, 3.

The electrons transmitted by the specimen 4
may be selectively subjected to a magnetic field
within ‘s deflection chamber 3. The magnetic
field will cause the transmitted electrons to fol-
low substantially semi-circular paths and im-
pinge upon an image screen Or photographic
plate 14, The magnetic field within the deflec~
tion chamber 13 will deflect the electrons dif-
ferent. amounts determined by their respective
velocities whereby  a velocity distribution pat-
tern’ will be provided upon the image screen i4.
The focus of the pattern is controlled by varying
the current through the third lens 8 by adjust-
ing the resistor 8.

Adjustment of the energizing current applied
to the third electron lens 8 will permit obser-
vation of the irradiated area of the specimen 4
by effectively transposing the image of the elec-
tron source | from the specimen 4 to the point
indicated by the arrow i6. The highly mag-
nified ‘shadow image of the object 4 thus pro-
duced ‘is' further magnified and projected on the
fluorescent screen, (or photographic plate) at 19,
by means of the third lens 8. The image upon

the small fluorescent screen 10 may be observed

convenienfly by means of a conventional light
ruicroscope 11 operating, if desired, in conjunction
with aprism 12, ©

Tt should be understood that the magnetic field
within the deflection chamber 13 may be estab-
lished in ahy desired manner. It should also be
understood . that the electron lens system de-
seribed may be modified in any known manner
to provide a suitable electron probe of conven-
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ient cross-sectional area’ for jrradiation of the
gpecimen &, and that the third electron lens 8
may be omitted entirely if the deflection chamber
13 and image screens {0 and |4 are disposed in -
close relation with the specimen 4. ‘

Figure 2 is similar in all respects to Figure 1
with the exception that an electric field is sub-
stituted for the magnetic field within the de-
flection chamber (3 of the device of Figure 1 for
deflecting the electrons derived from the speci-
men & in accordance with their relative electron
velocities. In order to provide relatively long
electron paths through an electrostatic field, two
arcuate concave electrodes 18, 189, separated by
an air gap 28, dre disposed in cooperative rela-
tion to provide an arcuate tubular electrostatic
deflecting element which will cause the deflected
clectrons to impinge upon tie screen {4 to pro-
vide a'velocity distribution pattern thereon. A
small aperture 21 in the wall of the deflecting
electrode (8 coincidental with the axis of the
electrons derived from the specimen 4 permits a
portion of the transmitted electrons to be focused
upon the small fluorescent screen 18, when the
deflecting electrodes 18, 19 are de-energized, for
observation of the electron irradiated area of the
specimen & by means of an externally disposed
light microscope {1 and prism 12, as described
heretofore in Figure 1.

Figure 3 is.a preferred embodiment of the -
device described in Figure 1 constructed accord-
ing to conventional electron microscope practice.
The electron source includes a thermionic cath-
ode 25 which is supported by & high potential
insulator 26 and connected 0 a terminal 21 which
is maintained at high negative potential. - An
apertured anode electrode 23; which is main-
tained at & high positive potential with. respect
to the thermionic cathode 25, provides an elec-
tron beam having relatively high. electron ve-
locity. The first electron lens 2 is llustrated as
a  conventional electromagnetic electron micro-
scope lens including a winding 28 having a poie
piece aperture 38. The second électron lens 3
forms & unitary structure with the first electron
lens 2 and includes a second winding 3i and a
second pole piece aperture 32.

The specimen 4 is supported by a conventional
specimen supporting element 33 which may be
adjusted with respect to the electron beam axis
by an  external adjusting  knob 34 operating
through a conventional bellows joint 35 disposed
adjacent an aperture 38 in the outer wall 37
of the supporting structure. The third eleciron
lens 8 may be similar fo the first and second
électron lenses 2, 3, respectively, and includes a
third winding 38 and a relatively large pole
piece aperture 35. A shutter 48, operated by an
externally controlled knob &1, is interposed be-
tween the third electron lens 8 and an aperture
42 in the walil of a defiection chamber 43 which
is secured to the supporting structure of the third
electron lens.

A magnetic winding 44, disposed external to the
defiection chamber 43, provides a magnetic field

’ therein for deflecting electrons entering the aper-

70

ture 42 and for causing them to impinge upon a
photographic plate 45 for providing a permanent
record of the deflected electron pattern. The
photographic plate 45 may be removed from the
deflection chamber 43 by means of an air lock or
any other structure customarily employed in con-
ventional electron microscopes. A hinged fluo-
rescent screen 46, pivoted adjacent one edge of
the photographic plate 45, may be rotated to .
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cover the plate 45 for providing g visual image of
the electron velocity distribution pattern. The
visual image on the fluorescent screen, when in
position 41, shown in dash lines, may be observed
through a window 48 adjacent to and normal
therewith.

When the winding 44 is de-energized the elec-
tron beam entering the deflection chamber 43
through the aperture 42 is projected by the third
electron lens § upon a small auxiliary fluorescent
screen 50. The small auxiliary fluorescent screen
90 may be observed conveniently by means of
the external prism §2 and the light microscope
Ff disposed adjacent a convenient viewing aper-
ture §f in back of the small fliiorescent screen 50,

The shutter 46 is opened by the shutter adjust-
ing knob 4f to permit observation of the electron
irradiated area of the specimen 4 upon the aux-
iliary viewing screen 8. When the magnetic field
is established within the deflection chamber 43
by energization of the magnetic winding 44, the
velocity distribution pattern may be observed
through the window 48 upon the hinged fluo-
rescent screen 48 when it is in the position indi-
cated by the dash lines 47. 'The shutter 40 may
then be closed to prevent electrons entering
through the aperture 42 and the fluorescent
sereen 46 rotated to its vertical position, as indi-
cated in the drawing. 'The shutter 40 may then
be opened for 3 desired interval to expose the pho-
tographic plate 45.

Figure 4 shows a modification of the invention
described in Figures 1 and 3 wherein electron
velocity distribution measurements may be made
upon specimens which are substantially opagque
to electron irradiation. The electron source | is
focused by the electron lenses 2, 3, respectively,
to electron irradiate a minute area of the sur-
face of the specimen 4. The electron irradiation
of the specimen 4 will provide secondary elec-
trons having relatively low velocity, and a re-
flected electron beam having relatively high ve-
locity electrons. The low velocity secondary elec-
trons derived from the specimen 4 are accumu-
lated by a collector electrode 53, while the rela-
tively high velocity reflected. electrons are intro-
duced into the deflection chamber {2 -and sub-
Jected to the deflecting magnetic field Tor provid-
ing a velocity distribution pattern upon the im-
age screen {4,

It should be understood that the angle of in-
cidence of the irradiating electron beam may be
varied by rotating the specimen 4 with respect to
the electron beam axis. It also should be under-

stood that the low and high velocity electrons :

derived from the electron irradiating specimen
may be separated by any other means known in
the art. Similarly, the modification of the in-
vention disclosed in Figure 4 may be adapted
readily to the device described in Figure 2 by sub-
stituting the electrostatic deflecting field for the
electromagnetic deflecting field of the device of
Figure 1.

Thus the invention described comprises several
modifications of an improved method of and
means for microanalyzing materials by electron
irradiation.

I claim as my invention:

1. An electron microanalyzer including means
for providing an electron probe having extremely
minute cross-sectional area, means for supporting
an object, means for irradiating said object by
said electron probe to derive electrons having
velocities proportional to the specific absorption
of energy due to inelastic collisions hetween said
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irradiating electrons and electrong of the inner
atomic orbits of said specimen, an electron sensi-
tive screen responsive to said electrons from said
object, and means interposed between said screen
and said object means providing a field for de-
flecting said electrons derived from said object
as a function of their velocity to provide an image
on said screen characteristic in shape of the
velocity distribution of said elecirons impinging
thereon,

2. An electron microanalyzer including - elec-
tron beam generating means and electron beam
focusing means for providing an electron probe
having extremely minute cross-sectional area,
means for supporting an object; meansg for ir-
radiating said object by said electron probe to
derive electrons having velocities proportional to
the specific absorption of energy due to inelastic
collisions between said irradiating electrons and
electrons of the inner atomic orbits of said speci-
men, an electronsensitivescreen responsive to said
electrons from said object, and means interposed
between said screen and said object means pro-
viding a field for deflecting said electrons derived
from said object as a function of their velocity to
provide an image on said screen characteristic in
shape of the velocity distribution of said electrons
impinging thereon.

3. An electron microanalyzer ineluding electron
heam generating means and electron beam focus-
ing means for providing an electron probe having
extremely minute cross-sectional area, means for
supporting an object substantially permeable to
electron irradiation, means for irradiating said
object by said electron probe to derive electrons
having velocities proportional to the specific ab-
sorption of energy due to inelastic collisions be-
tween said irradiating electrons and electrons of
the inner atomic orbits of said specimen, an elec-
tron sensitive photographic screen responsive to
sald electrons from said object, and means inter-
bosed between said screen and said object means
broviding a field for-deflecting said electrons
derived from said object as a function of their
velocity to provide an image on said screen char-
acteristic in shape of the velocity distribution of
said electrons impinging thereon.

4. Apparatus of the type described in claim ‘1
including means disposed adjacent to said de-
flecting means selectively broviding a visual im-
age of said screen.

5. Apparatus of the type described in claim 2
including a fluorescent screen, and means for
imaging said object on said fluorescent sereen for
observing said. electron probe irradiation of said
object.

6. Apparatus of the type described in claim 2
including a fluorescent screen, and electron heam
focus adjusting meang for selectively imaging
said object cn said fluorescent screen for ob-
serving said electron probe irradiation of said
object.

7. Apparatus of the type described in claim 2
including a fiuorescent screen, means for selec-
tively imaging said object on said fiuorescent,
screen for observing said electron probe irradia-
tion of said object, and means for optically mag-
nifying said image on said fluorescent screen.

8. Apparatus of the type described in claim 2
including externally adjustable means for orient-
ing said object with respect to said electron
probe.

9. An electron microanalyzer including means
for providing an electron probe having extremely
minute cross-sectional area, means for support.-
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ing an object substantially permeable to electron
irradiation, means for irradiating said object by
said electron probe to derive electrons having
velocities proportional to the specific absorption
of energy due to inelastic collisions between said
irradiating electrons and electrons of the inner
atomic orbits of said specimen, an electron sensi-
tive screen responsive to said electrons from said
object, and means interposed between said screen
and said object means providing a field for de-
flecting said electrons derived from said object
as a function of their velocity fo provide an
image on said screen characteristic in shape of
the velocity distribution of said electrons imping-
ing thereon.

10. An electron microanalyzer including means
for providing an electron probe having extremely
minute cross-sectional area, means for support-
ing an object substantially permeable to electron
irradiation, means for irradiating said object by
said electron probe to derive electrons having
velocities proportional to the specific absorption
of energy due to inelastic collisions between said
irradiating electrons and electrons of the inner
atomic orbits of said specimen, an electron sensi-
tive screen respensive to said electrons from said
object, and means interposed between said screen
and said object means providing a magnetic field
for deflecting said electrons derived from said
object as a function of their velocity to provide
an imeage on said screen characteristic in shape
of the velocity distribution of said electrons im-
pinging thereon.

1i. An electron microanalyzer including means
for providing an electron probe having extremely
minute cross-sectional area, means for support-
ing an object substantially permeable to electron
irradiation, means for irradiating said object by
said electron probe to derive electrons having
velocities proportional to the specific absorption
of energy due to inelastic collisions between said
jirradiating electrons and electrons of the inner
atomic orbits of said specimen, an electron sensi-
tive screen responsive to said electrons from said
obiect, and means interposed between said screen
and said object means providing an electrostatic
field for deflecting said electrons derived from
said object as a function of their velocity t0 pro-
vide an image on said screen characteristic in
shape of the velocity distribution of said elec-
trons impinging thereon.

12. Apparatus of the type described in claim 2
including an externally operable shutter inter-
nosed ketween said object supporting means and
said screen for controlling the electron exposure
time for said screen.

13. The method of electron microanalyzing a
material comprising generating an electron probe
of minute cross-seciional area, electron irradiat-
ing said material by said electron probe to derive
electrons having velocities proportional to the
specific absorption of energy due to inelastic col-
lisions between said irradiating electrons and
electrons of the inner atomic orbits of said speci-
men, subjecting said electrons derived from said
object to 2 field to deflect said electrons derived
from said object as a function of electron veloc-
ity, and indicating the relative velocities of said
derived electirons,

14. The method of electron microanalyzing a
material comprising electron irradiating a mi-
nube cross-sectional area of said material to de-
rive electrons having velocities proportional to
the specific absorption of energy due to inelastic
collisions between said irradiating electrons and
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electrons of the inner atomic orbits of said speci-
men, and indicating the relative velocities of said
electrons derived from said area of said material
in response to said irradiation,

15. An electron microanalyzer including means
for providing an electron probe having extremely
minute cross-sectional area, means for support-
ing an object substantially permeable to electron
irradiation, means for irradiating said object by
said electron probe to derive electrons having
velocities proportional to the specific absorption
of energy due to inelastic collisions between said
irradiating electrons and electrons of the inner
atomic orbits of said specimen, an electron sensi-
tive sereen responsive to said electrons from said
object, and means interposed between said screen
and said object means providing a field for de-
flecting said electrons derived from said object -
as a function of their velocity to provide an image
on said seréen characteristic in shape of the
velocity distribution of said electrons impinging
thereon,

16. An electron microanalyzer including means
for providing an electron probe having extremely
minute cross-sectional area, means for support-
ing an object substantially opaque-to electron
irradiation, means for irradiating said object by
said electron probe to derive electrons having
velocities proportional to the specific absorption
of energy due to inelastic collisions between said
irradiating electrons and electrons of the inner
atomic orbits of said specimen, an electron sensi-
tive screen responsive to said electrons reflected
from said object, means for collecting secondary
electrons derived from said object in response to
said irradiation, and means interposed between
said screen and said object means providing a
field for deflecting said reflected electrons as
function of their velocity. ;

17. ‘An electron microanalyzer including means
for providing an electron probe having extremely
minute cross-sectional area, meéans for support-
ing an object, means for irradiating said object
by said electron probe to derive electrons having
velocities proportional to the specific absorption
of energy due to inelastic collisions between said
irradiating electrons and electrons of the inner
atomic orbits of said specimen, an electron sensi-
tive device responsive to said electrons from said
object, and means interposed between said device
and said object means providing a field for de-
flecting: said electrons derived from said object
as a function of their velocity to provide indica-
tions on said device characteristic of the velocity
distribution of said electrons impinging thereon.

18. An electron microanalyzer including means
for providing an electron probe having extremely
minute cross-sectional area, means for support-
ing an object substantially permeable to electron
irradiation, means for irradiating said object by
said electron probe to derive electrons having
velocities proportional to the specific ‘absorption .
of energy due to inelastic collisions between said
irradiating electrons and electrons of the inner
atomic orbits of said specimen, an eleciron sensi-
tive device responsive to said electrons from said
object, and means interposed between said device
and said object means providing a field for de-
flecting said electrons derived from said object
as a function of their velocity to provide indica-
tions on said device characteristic of the velocity

-gistribution of said electrons impinging thereon.

19. An electron microanalyzer including means
for providing an electron probe having extremely
minute cross-sectional area, means for support-
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Ing an object substantially opaque to electron
irradiation, means for irradiating said object by
said electron probe to derive electrons - having
velocities proportional to the specific absorption
of energy due to inelastic collisions between said
irradiating electrons and electrons of the inner
atomic orbits of said specimen, an electron sensi-
tive device responsive to said electrons from said
object, and means interposed between said device
and said object means providing a field for de-
flecting said electrons derived from said object as
a function of their velocity to provide indications
on said device characteristic of the velocity dis-

tribution of said electrons impinging thereon.
- 20. Apparatus for determining the atomic coni-
Pposition of a predetermined microscopic area of
a microspecimen comprising means for electron
irradiating said specimen area, and means for
indicating the specific absorption of energy due
to inelastic collisions between said incident ir-
radiating electrons and electrons of the inner
atomic orbits of said specimen,

21, The method of determining the atomic
composition of a predetermined microscopic area
of a specimen comprising the steps of electron
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irradiating said predetermined area of said speci-
men, and ‘indicating the specific absorption. of
energy due to inelastic collisions between said in-
cident irradiating electrons and electrons of the

inner atomic orbits of said specimen.

22. Apparatus according to claim 3 including
means for focusing said -electrons derived from
said object at a point within said deﬁec;tmg field.
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